Purpose: Kilt technique can be useful for overcoming the severe angle in endovascular abdominal aortic repair. Thus, we investigate the utility of the Kilt technique as an angle modification method. Methods: This study included 16 patients with abdominal aortic aneurysm having severe neck angle (over 60°). Of these, eight were treated using Kilt technique, whereas the remaining eight were by the conventional endovascular method. We investigated the pre-and post-procedural differences in neck angle between the two groups using aortic computed tomography (CT) angiography. Results: Mean pre-procedural neck angles in the conventional group and the Kilt group were 70° ± 13° and 93° ± 14° (p = 0.007) and supra-renal neck angles were 54° ± 16° and 89° ± 26°, respectively (p = 0.016). However, the angle differences disappeared between the two groups after the procedure. Consequently, the Kilt group showed greater angle change than the conventional group (p value for ∆ supra-renal angle and ∆ neck angle were 0.015 and 0.021, respectively). There was no type 1 endoleak during 16 ± 16 months of CT follow-up. Conclusion: Kilt technique may be an effective tool for modifying the neck angle without leaving increased risk of type 1 endoleak in this subset of patients.
Introduction
As a minimally invasive and prophylactic treatment strategy, endovascular abdominal aortic aneurysmal repair (EVAR) has shown early benefits, low morbidity, and similar long-term outcomes compared to open surgical repair. 1) Thus, it has become a common treatment option for abdominal aortic aneurysm (AAA). However, not every patient or every aneurysm is treatable by EVAR due to anatomical reasons. Aortic neck angulation appears to be an important determinant of outcome after EVAR. 2) Kilt technique deploys the aortic cuff before the main body deployment and enables the sealing of challenging neck anatomy. 3) It also appears to enable adequate angle modification and straightening of the neck angle prior to insertion of the main body. Therefore, the purpose of the study was to investigate the utility and efficacy of the Kilt technique in cases of severe neck angle modification in AAA endovascular repair.
Materials and Methods

Study design and patient population
From July 2009 to December 2014, patients who treated with EVAR at Sejong General Hospital were recruited to the EVAR registry. First, 17 patients having greater than 60° of aortic neck angle were selected for this retrospective review. Nine patients were treated by conventional EVAR methods, whereas eight patients required angle modification for insertion of the main body, namely treated by the Kilt technique. 3) Talent (Medtronic, Inc., Santa Rosa, CA, USA), Zenith flex (Cook Medical, Bloomington, IN), Excluder (W.L. Gore & Associates, Flagstaff, AZ, USA), or Endurant (Medtronic, Inc., Minneapolis, MN, USA) main body systems were deployed for the conventional group, while only the Endurant system was used for the Kilt group. One patient treated by excluder device was excluded as a next step because it had a unique repositionable feature without supra-renal fixation system. Finally, 16 patients (eight for conventional and eight for Kilt technique) were enrolled for this study. All 16 patients underwent preand post-procedural computed tomography angiography (CTA) and three-dimensional (3D) reconstruction analysis for this study. Patient's clinical and CTA characteristics were compared between the two groups. All patients provided written informed consent and institutional review board approval was obtained for the study.
Analysis of CTA
CTA of AAA was acquired in all patients before EVAR. Post-procedure CTA was performed prior to discharge from the hospital in all cases. All CTA scans were acquired on a 256-slice computed tomography (CT) scanner (Somatom Definition Flash; Siemens Medical Solutions, Forchheim, Germany) with a standardized acquisition protocol (scan parameters: 2-mm slice thickness, 2 mm increment). The acquired data sets were transferred to a workstation (Aquaris ver. 4.4.7, Ter-aRecon Inc., San Mateo, CA, USA) for measurement of the aortic neck angles. The 3D reconstruction of the aorta was evaluated 360° around the cranio-caudal axis and the maximum neck angle was defined as the most severe angle among the 360° rotation reconstruction images on pre-procedure CTA. The presence of supra-renal neck angle (SRNA) was defined as more than 30° of angle. Types of angulated AAA were classified according to the presence and location of SRNA. Type A was defined as severe angulation only present at the renal neck, whereas types B and C had a SRNA above the renal neck angle. If SRNA was located above the both renal arteries, it was classified as type B, whereas type C was defined lower position of SRNA than renal arteries ( Fig. 1) . Post-procedural neck angle and the SRNA were measured at the same rotational 3D reconstruction view (same rotation angle) of the pre-procedure imaging. We used SRNA ( Figs. 1 and 2A , open arrow head) and renal neck angle (RNA) (Figs. 1 and 2A, closed arrow head) for comparing the pre-and post-procedural angle differences. 4) The Kilt EVAR procedure
The procedure for the AAA patient is performed under general or local anesthesia in the supine position. Bilateral common femoral arteries were prepared with the closure devices using the pre-close technique 5) and bilateral access was obtained with large sheaths (9 Fr to 12 Fr sheaths were used initially). After the access procedure was finished, intra-arterial or intra-venous heparinization was performed for a target-activated clotting time of over 300 seconds. A 5 Fr multi-purpose catheter with a 0.035″ coating guide wire was introduced for crossing the tortuous lesion of the aneurysm site, which was subsequently changed to the 5 Fr pigtail catheter for initial aortography. The diameter of the proximal and distal neck and the length and angle of the aorta were re-evaluated and compared with preoperative CT scan ( Fig. 2A) . An extra-stiff guidewire was then exchanged with the super-stiff guidewire (Lunderquist extra-stiff wire guides, Cook Medical) for straightening the aortic angle and the sheath was exchanged according to the size of the aortic cuff required (or aortic tube; Medtronic, Inc., Minneapolis, MN, USA) and the main device introduction. Straightening of an angulated aneurysm neck could be achieved by the single, extra-stiff guidewire. However, in several cases, a second stiff guidewire from the contra-lateral limb was required for aortic cuff introduction. Nevertheless, for extremely tortuous AAA intervention, extra support using an additional sheath from the contra-lateral limb was necessary for angle modification (Fig. 2C) . A SRNA was planned to cover ; type B is defined as position of supra-renal angle is located above the both renal arteries; type C is the supra-renal angle that is present lower than both renal arteries. RNA: renal neck angle; SRNA: supra-renal neck angle by the stent graft in type C for angle modification, while it was not considered to straightening in type B aortic angle. The proximal edge of the aortic cuff was targeted to deploy at 3-5 mm below the lower renal artery except for the short angled neck AAA intervention. Subsequently, the main body was deployed at the lower level of the renal artery ostium over the previous aortic cuff position ( Figs. 2B and 2C) . After contra-lateral iliac limb stent graft with or without limb extenders were deployed, adjuvant compliant occlusion ballooning was mandatorily performed at the stent graft overlapped site including the neck portion (Reliant Stent Graft balloon; Medtronic, Inc., Minneapolis, MN, USA). Completion aortography using digital subtraction angiography confirmed the patency of both renal arteries and tested for the presence of leakage as the final step ( Fig. 2D) . Requirement of repeat balloon dilatation or use of large bare metal stent was decided at the physician's discretion. Post procedure CT was conducted to the patients before discharge ( Fig. 2E ).
Definitions and statistical analysis
Primary technical success was defined as complete coverage of the aneurysmal sac without proximal type 1 or 3 endoleak or the need for additional intervention. The presence of chronic kidney disease was assessed by measuring the estimated glomerular filtration rate (GFR) and was defined as a GFR of less than 59 mL/min/1.73 m 2 . A hemoglobin value of less than 12.5 g/dL was regarded as anemia by the World Health Organization criterion.
Data are expressed as mean ± standard deviation for continuous variables and as counts (frequencies) for categorical variables. Comparisons involving clinical, CT, and procedure characteristics and data were performed using the Fisher's exact test for categorical variables and Mann-Whitney U-test for continuous variables. P value <0.05 was considered statistically significant. Data were analyzed using SPSS software (version 18.0; IBM Corporation, Armonk, NY, USA).
Results
Study population
Baseline characteristics of the participants are summarized in Table 1 . All patients' ages were over 70 (mean age: 79.1 ± 4.9 years) and had higher trend toward the conventionally treated group (mean age: 81.7 ± 2.8 vs. 76.6 ± 5.4, respectively; p = 0.05). Half of the patients in the conventional group suffered from chronic obstructive pulmonary disease (COPD) compared to none of those in the Kilt group (p = 0.07). Half of patients in both groups had a history of coronary artery disease, which required medication or had been previously treated either by percutaneous or open surgical means. Other risk factors were found to be similar in both groups.
EVAR procedures
All patients were treated by supra-renal fixation type devices. The aortic cuff (or tube; Medtronic, Inc., Minneapolis, MN, USA) was used for all patients who underwent 
Pre-and post-procedural CTA findings
As shown in Table 2 , the neck length was similar in both groups, whereas neck angulation was more severe in the Kilt group (70° ± 13° vs 93° ± 14°; p = 0.007). Six out of eight patients in the conventional group compared to seven out of eight patients in the Kilt group had a greater than 30° SRNA above the AAA (presence of SRNA; types B and C). The SRNA was located inferior to the renal arteries in the majority of patients (type C) except for two patients in the Kilt group (type 2). In type C angulation, the mean length of the lowest renal artery to the supra-renal neck in conventional group and Kilt group was 20 ± 5 (range: 13-22) mm and 14 ± 6 (range: 7-22) mm, respectively (p = 0.19). Similar to the neck angle, the SRNA was also significantly severe in the Kilt group (54° ± 16° [six patients of type 3] vs 89° ± 26° [seven patients in types 2 and 3]; p = 0.016).
Post-procedural CT was taken to all patients except one whose age was 85 at the time of the procedure. He took CTA at 76 days after the procedure (post-procedural CT, 2-76 days; mean 10.2 ± 17.2 days). SRNA was successfully covered either by the proximal fixation bare part of stent graft or stent graft in all type 3 patients in both groups. Consequently, the neck angle and the SRNA differences disappeared following the procedure in both groups. Complete thrombosis was found in 87.5% of conventional and 62.5% of Kilt group, but the remaining 12.5% and 37.5% of patients in the conventional and the Kilt group, respectively, had a type 2 endoleak with contrast filling inside the aneurysmal sac. Importantly, the Kilt procedure appeared to bring significant neck angle and SRNA straightening following the procedure compared to the conventional group (∆ neck angle: 21° ± 13° vs 35° ± 10°; p = 0.033; ∆ SRNA: 11° ± 8° vs 45° ± 30°; p = 0.018). Interestingly, although the need for SRNA straightening procedure was presented in type C than type B, SRNA of two patients in type B also affected by the Kilt procedure because of the presence of bare metal supra-renal support system (pre-procedure: 62° ± 24°; post-procedure: 35° ± 13°; ∆ SRNA 31° ± 9°). Thus consequently, Kilt technique had an effective angle straightening ability by the graft stent area or by the supra-renal bare part of device regardless of types of aneurysm.
Clinical outcomes
There was one hospital death in the conventional group during the clinical follow-up period. An 85-yearold female patient admitted to our hospital due to recent onset cerebral infarction and aspiration pneumonia. The EVAR procedure was inevitably performed by conventional technique due to abrupt onset of abdominal pain, but the patient died 13 days after the procedure due to pneumonia and septic shock. Clinical follow-up of patients was completed over a mean duration of 22 ± 15 months (13-1261 days; Table 3 ) and there was no additional death or re-intervention during the period. There is no newly developed endoleaks during 15.9 ± 16.4 months of CT follow-up.
Discussion
In the present study, Kilt technique achieved greater straightening of the aortic neck angle compared to the conventional EVAR technique for extremely tortuous aortic neck (defined as a neck angle >60°) and there was no additional intervention or type 1 endoleaks in approximately 2 years of clinical and the 1 year of CT follow-up periods.
Albeit EVAR has lower morbidity rate and has less invasiveness, suitability of EVAR procedure has a limitation due to low anatomical appropriateness rate for patients requiring intervention. Kristmundsson et al. 6) reported that the rate of suitability of EVAR is only reached approximately 50% and even after the delivery systems' diameter was changed, 40% of patients still could not be treated by EVAR due to anatomical unconformity. Historically, the most important anatomical determinant of EVAR feasibility was proximal neck morphology 7) and severe angulation defined as >60° of aortic neck; such a finding was associated with adverse outcomes in the form of type I endoleak and graft migration in previous reports. 8, 9) Although the outcomes of EVAR for challenging anatomy were recently improved and the definition of hostile neck anatomy has been changed due to development of novel devices and physician skill and experience, 10, 11) angulated and hostile morphology is still generally considered a contraindication for EVAR. 12) Nevertheless, for some of the patients with serious comorbidities as our study population, EVAR may be chosen after careful consideration. 13) Fenestrated or branched stent grafts may be an alternative strategy for such patients, but the use of these devices is not available in our country and still not approved in many other countries. Thus, there is pressing need for an angle modification technique for EVAR. The proximal aortic cuff was originally designed and has been used as an adjunctive procedure during EVAR, particularly in the setting of a type Ia endoleak arising after deployment of the main body. Percentages of proximal aortic extender cuffs placed at initial EVAR range from 9% to 18% with the AneuRx device. 14, 15) However, it can also be used for angle modification or remodeling of the hostile neck by prior deployment to the main body insertion (Kilt technique). Kilt technique was introduced by Minion et al. 3) in three out of eight AAA patients and was used to modify the dumbbell-shaped neck morphology. In their study, type II endoleaks were identified in two patients but no type I endoleak developed during 5 months of follow-up. Kolvenbach et al. 16) also used a similar technique with a balloon-expandable cuff, which was inserted prior to the main body insertion to remodel the neck for 2 out of 18 in their study population all having complicated neck morphology. In their mean 11.5 months of follow-up, neither neck dilatation nor migration of stent graft was observed. Finally, Jimenez et al. 17) studied the outcomes of EVAR with Kilt technique for angulated and dumbbell-shaped neck AAA. Four patients were treated by this technique and one patient required Palmaz stent insertion due to endoleak, but there were neither surgical conversions nor peri-operative deaths during the mean 11 months of follow-up. Similar to previous reports, our study also demonstrated drawbacks of the angulated neck EVAR procedure. Approximately, 11% of patients required additional bare metal stent insertion for complete seal and a quarter of patients had type II endoleaks which resulted in failure to achieve complete thrombosis in the aneurysm before discharge from hospital. However, distinct from previous studies, we measured the angle modification power of the double cuff interposition using this technique by calculating the angle difference using pre-and post-procedural CT. The angle using the Kilt method is more straightened compared to the single stent graft insertion technique, and mid-term follow-up data of our study demonstrates meaningful outcomes.
Severe angle neck EVAR procedure seems quite different from EVAR for favorable neck anatomy. First, actual landing zone of neck was shorter than the angulated neck procedure because of the presence of the SRNA. Because deployment of stent graft lower than SRNA had a risk for migration of it with type 1 endoleak, 18) coverage of the SRNA in type 3 morphology might be important. Indeed, type 3 morphology comprised majority of angulated neck AAA and the distance from the lower renal artery to the SRNA of this type was only 7-22 mm in current study. Second, matching of the device position with planned location is very hard because asymmetrical deployment more frequently occurred in an angulated neck. 19) Third, nonetheless, delicate adjustment of position is not available in most cases of severe angulated neck because the single stiff guide wire might unsatisfactorily achieve an acceptable level of angle straightening to allow for insertion of the bulky device in conventional method; 20) moreover, the mound of the angulated neck disturbed the device introduction.
Kilt technique could enable straightening and flattening of the mound of the angle sufficient for device insertion. Moreover, the previously deployed aortic cuff could guide the real position of the proximal edge of the device after deployment. Additionally, Kilt technique yields a second distal seal zone for reinforcement and facilitates fixation more solidly using a double barb or overlapped stent graft. 3, 17) Limitations of the current study include its nonrandomized, retrospective design, single-center experience, and comparatively small sample size. The results may have been affected by physicians' discretion because Kilt technique was utilized in patients with more severely angulated AAA. Despite the limitation, current findings may provide data to support the advantages of the Kilt technique in tortuous neck AAA intervention.
Conclusion
Severe neck angulation in AAA remains problematic, since it limits the suitability for EVAR procedure and increases procedure failure/complication rates. However, Kilt technique may be an effective tool for modifying the neck angle without leaving increased risk of type 1 endoleak in this subset of patients.
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